stirring. In case of mechanical stirring, after maintaining the temperature of melt between 700 to 750 0 C, a vortex was created within the melt using a mechanical stirrer. While stirring is in progress, preheated Mg metal pieces were also added to the melt. Stirring was continued for 5 -10 minutes after addition of the Ca and Mg in the melt in order to get a better distribution. The melt temperature was then maintained at 800°C for half an hour, so that Ca and Mg got dissolved into the melt uniformly. Castings were prepared by pouring the melt into preheated cast iron moulds of cylindrical shapes. For microstructural observations, Al-Ca-Mg alloy sample were cut, polished and etched using the standard metallographic technique. The polished sample was etched with Keller"s reagent. The microstructures of these materials were examined under a scanning electron microscope (SEM)
Compressive deformation
Compression tests were performed on a Universal Testing Machine at room temperature and at varying strain rates (0.01/s, 0.1/s, and 1/s). For the compression test samples of 10 mm diameter and 15 mm length were prepared form the castings. The faces were polished and then lubricated with taplon to reduce the friction between the specimen surface and the anvil or the punch. The true stress and true strain data were recorded from the digital display and these data were used for getting true stress-true strain curves. These data were further analyzed for determination of the strain-hardening exponent, the plastic strength coefficient and the strain rate sensitivity exponent using the methodology as stated elsewhere [13] . For each material and each strain rate, tests were repeated thrice.
III.
Results:
Material and Microstructure
The microstructure of Al-Ca-Mg alloy is shown in Fig. 1 . Fig.1 (a) shows that the microstructure for alloy containing 0.5 wt% Mg. it shows that the dendrites are equiaxed in nature. When Mg % increased to 1 wt% Mg, the equiaxed dendrites turned into columnar and finer dendrites, Fig.1(b) . Further increase in Mg %, i.e., 1.5wt % Mg, also leads to columnar and finer dendrites Fig.1(c) . It is however noted that dendrites are marginally refined due to increase of Mg % from 1wt% to 1.5wt%. In the inter-dendritic region, MgCa 2 and AlCa 2 precipitates are observed which are confirmed through XRD ( Fig. 2(a) ), which are further confirmed by EDX ( Fig.2(b) ). The black precipitates are primarily of AlCa 2 . But the black spherical precipitates are found to be MgCa 2 . The microstructures of these alloys demonstrate that the microstructural characteristics changes with Mg addition.
Compressive deformation
The true stress-true strain curves of the investigated material when tested at different strain rates are shown in Fig.3 . From these true stress-true strain plots, the yield stress and flow stress at different strains are determined using standard methodology. It may be noted that the curves do not show any sharp yield point. From Fig. 3 it is observed that flow stress increases with increase in Mg concentration. When strain rate is increased from 0.1/s to 1/s proof stress decreases, in case of 0.5wt% Mg containing alloy. From Fig.3 it is further observed that when strain rate is increased from 0.1/s to 1/s proof stress decreases only marginally in case of 1wt% Mg containing alloy indicating proof stress almost invariant to the strain rate. On the other hand, when strain rate increases from 0.01/s to 0.1/s stress increases significantly, in case of 1.5 wt% Mg containing alloy. In all the cases, the true stress varies to a large extent with Mg concentration and strain rate. But yield stress varies relatively to a less extent.
In general, it is noted that there is no sharp yield point. There is gradual change from yielding to plastic region. In the plastic region, stress increases gradually with strain indicating strain hardening. As there is no sharp yield point, the 0.2% proof stress criteria is used to calculate yield stress (ζ y ). For better evaluation of yield stress, elastic limit stress (ζ e ) was determined using the solving the following relations as described elsewhere [13] . The stress-strain curve of a material could be defined by the following equation:
Where ζ e is the elastic limit stress, K is the plastic strength coefficient, ε is the plastic strain and n is the strain-hardening exponent. Eq. (1) can be written in two parts as follows: where E is the modulus of elasticity and ε e is the elastic limit strain. The value of ζ e , K and n are calculated using methodology described elsewhere [13] .
Strain-hardening exponent, Plastic Strength coefficient and Elastic limit stress Strain-hardening exponent is calculated from ln (ζ) and ln (ε) plots, which were made from the recorded true stress and true strain values. Typical plots of ln (ζ) vs. ln (ε) are shown in Fig. 4(a) , and (b) for Mg content of 0.5wt% and 1.5wt% respectively. These plots show two regimes, one for elastic (lower) and other for plastic (upper) flow. It may be noted that the slope of the upper line is almost constant even though the strain rates changes. However, there is marginal variation in the slope of the lower parts of the lines. This is due to microstructural changes and manual error during experimentation error. It is also noted that the slope of lower region is close 1. This is also analytically valid that in elastic region stress is proportional to strain. The figure also demonstrates that the intersection of the upper lines and the lower lines would also be changing with the strain rate. The stress corresponding to the intersection of these two lines is measured to be the elastic limit stress ( e ). The stress corresponding to the point of intersection of the upper line to the stress axis is considered to the plastic strengthening coefficient, K. From these curves, "n" strain hardening exponent, "K" plastic strength coefficient, and "ζ e " elastic limit stress are calculated using the methodology described elsewhere [13] and are reported in Table 1 .
It is evident from Table 1 that the elastic limit "ζ e " of the alloy increases with increase in Mg concentration. Similar type of variation for strength coefficient "K" is also noted. Both "ζ e " and "K" increases with increase in Mg concentration. Yield strength of the alloy (0.2% proof stress) also follows the similar trend of variation with Mg concentration. The values reported in Table 1 are the average value of three repeated tests. The standard deviation associated with these values are mostly less than 10%. But in few cases, it is ~15%. This may be due to variation of the microstructure and chemistry in the alloy system as the alloy here considered as cast alloy. Experimental and manual errors are also associated with these values. However, the variations are mostly in accepted range of variation. Increase values of these parameters with Mg concentration is due to formation of finer dendritic structure and more precipitates of MgCa 2 leading to more precipitation hardening and greater extent of solid solution strengthening. It is interesting to note that these "K", "ζ e " and "ζ y " are function of strain rate. The trend of variation of these parameters with strain rate varies depending on the Mg concentration. In case of 0.5 wt% Mg, all these parameter decreases with strain rate. When Mg concentration increases to 1 wt%, the value of these parameters remained almost invariant with strain rate. But, when Mg concentration increases further to 1.5 wt%, magnitude of these parameters increases with strain rate. This signifies that Mg concentration influence the strain rate effect of these alloy system. At lower Mg concentration strain rate has marginally negative effect, but at higher Mg concentration, strain rate has positive effect. This is due to variation of microstructure with Mg concentration as stated earlier. On the other hand, it is interesting to note that strain hardening exponent "n" is almost invariant with strain rate and Mg concentration. Strain hardening exponent is primarily dependent on the matrix and dislocation-matrix or dislocation precipitates interaction which led to dislocation multiplication and increased in dislocation density in the matrix. The matrix (the major phase) is unchanged with the Mgconcentration. However, at higher Mg concentration, relatively larger extent of precipitates formed in the matrix which marginally increases dislocation precipitation interaction and in due course marginally greater dislocation density. As a result, marginally higher value of "n" is expected. This is exactly observed in the case of alloy with 1.5 wt% Mg. In case of 1.5 wt% Mg, "n" also increases gradually but marginally with strain rate. This also signifies that the compressive deformation responses of Al-2Ca alloys are strong function of Mg concentration and strain rate, wherein the strain rate effect varies with Mg concentration.
IV.
Effect of strain rate:
For better understanding and further analysis these parameters are plotted with strain rate in the proceeding section. The variation of ln (ζ e ) as a function of ln (έ) is shown in Fig 5(a) . It is noted that the elastic limit stress decreases gradually with strain rate in case of 0.5wt% Mg concentration. But at 1wt% Mg, the elastic limit stress remained almost invariant to the strain rate. On the other hand, at 1.5wt% Mg, the elastic limit increases gradually with increase in strain rate. The proof stress and plastic strengthening coefficient also follow the similar trend to that observed in the case of elastic limit stress. It is further noted that, elastic limit stress is almost comparable to that of elastic limit stress (within 10-20% variation in very few cases) and these are proportional to each other. The slope of best linear fit of ln (ζ e ) vs. ln (έ) gives the value of "m" the strain rate sensitivity, and the antilog of intersection of the best fit line gives the value of strain rate strengthening coefficient, "K s ". Similarly, ln (ζ y ) vs. ln (έ) is also plotted and the value of "m" and "K s " for "ζ y " -strain rate relation are measured. The value of "m" and "K s " as a function of Mg concentration for the case of "ζ e " and "ζ y " are reported in Table 2 . The variation of plastic strength coefficient. K, as a function of ln (strain rate) is shown in Fig 5(c) . It is noted that K decreases with strain rate in case of 0.5wt%, remained almost invariant with strain rate, in case of 1.0 wt% Mg, and increases with strain rate in case of 1wt% Mg. However, the variation of "K" with strain rate (either increase or decrease) is very marginal. The variation of "n" as a function of ln (strain rate) is shown in Fig. 5(d) . It is noted that the strain hardening coefficient "n" is remained almost invariant to the strain rate, irrespective of Mg concentration. However, it is noted that "n" increases marginally with strain rate, in case of 1.5wt% Mg. This is primarily attributed to greater plastic constraint due to presence of higher Mg concentration. Very low value of m indicates that materials are almost strain rate insensitive. But marginally greater and positive value of m in case of 1.5 at% Mg alloy indicates that this alloy is relatively strain rate sensitive.
Effect of Mg Concentration:
The trend of variation of the deformation response with strain rate is earlier noted to be influenced with the Mg concentration. This is due to the variation of microstructure with Mg concentration. In order to understand the variation of these deformation responses with Mg concentration, the deformation responses were plotted as a function of Mg concentration. Fig 6(a) depicts that "ζ e " increases monotonically with increase in Mg concentration. Similar tends of variation of "ζ y " with Mg concentration is noted in Fig 6(b) . In both the figures, it is noted that at 0.01/s strain rate, there is no further increase in stress when Mg concentration increases from 1 wt% to 1.5 wt%. However on an average, "ζ y " and "ζ e " increase with increase in Mg concentration. The plastic strengthening coefficient "K" also increases with increase in Mg % (Fig 6(c) ). This is attributed to refinement of microstructure, increase in MgCa 2 intermetallic phases in the alloy and greater solid solution strengthening. The strain hardening exponent dictate the rate at which the materials get harden during progressive plastic deformation. It is related to strengthening of matrix due to dislocation-dislocation interaction, interaction of slip plane which primarily govern by matrix crystal structure and orientation dislocation . It is expected, that in as-cast conditions, these factors are invariant to Mg % which finally resulting in almost no variation of "n" with Mg %. However, the dislocation interaction and accommodation of dislocation depends on strain rate and this results in marginally higher "n" at higher strain rate especially when Mg content is 1.5 wt%.
Effect of strain rate and Mg concentration on flow stress:
The flow stress (ζ f ) at different strain (ε) as a function of strain rate (έ) are plotted to determine strain rate strengthening coefficient for flow stress "K sf " and strain rate sensitivity of flow stress "m sf " at different strain for varying Mg concentration in Fig.7 . It is evident from Figs 7 (a), (b) and (c) that ζ f increases with strain rate marginally irrespective of strain and Mg concentration. The increase of ζ f with strain indicats strain hardening of the materials. The "m sf " and "K sf " for ζ f -strain rate relationships are determined from the best linear fit of the curves shown in Fig.7 . The values of "m sf " and "K sf " as a function of strain and Mg concentration are reported in Table 3 . It is evident from Table 3 that both "m sf " and K sf are varying strain and Mg concentration. "K sf " is increasing monotonically with strain, But "m sf " remains constant upto strain of 0.1 to 0.15, and then decreases with further increase in strain ( Fig.9(a) ). Relatively lower value of "m sf " at higher strain indicates that flow stress at higher strain is relatively less sensitive to strain rate. This is attributed to the fact that at higher strain value relatively larger extent of damage likes micro voids, microcracks etc generated which annihilates dislocation interaction and multiplication. But, the value of "K sf " increases significantly and monotonically with strain irrespective of magnesium concentration (Fig.9(b) ). This is attributed to greater constraint of plastic deformation of the alloy due to generation of more microvoids, voids -dislocation interacton, interaction amongst slip bands etc. The combined effect of strain on "K sf " and "m sf " makes the over all variation of flow stress with strain. As a result, ζ f increases with increase in strain even though flow stress decreases marginally with strain rate. It is further noted that "K sf " increases with strain following a linear relation. The strain rate sensitivity "m sf " is noted to be the maximum at 1 wt% Mg (Fig. 9(a) ). But, the overall variation is low especially at higher strain. This is because of the fact that room at room temperature deformation of Al-alloys and composites are relatively in sensitive to strain rate [13] . The "K sf " on the other hand increases with increase in Mg concentration (Fig. 9 (b) ) relatively at larger extent. 
V. Conclusions
The following are the conclusions:
1) The deformation response of Al-Ca-Mg alloy varies with the variation of Mg concentration and strain rate. In case of 0.5 wt% Mg, the elastic limit stress, 0.2% proof stress, plastic strengthening coefficient decreases with strain rate. But, incase of 1.0 wt% Mg concentration, these parameters are almost invariant to the strain rate. When the Mg concentration increases to 1.5 wt%, these parameters increases monotonically with strain rate indicating greater degree of strain rate sensitivity. 2) The strength hardening exponent, on the other hand, remains almost invariant to the strain rate and Mg concentration. However, alloy containing 1.5 wt% Mg showed marginally higher value of strain hardening exponent. 3) The flow curves of Al-Ca-Mg alloy having 0.5%, 1% and 1.5%, of Mg exhibits similar trend irrespective of strain rate. The flow stress increases with strain. The strain rate sensitivity, in case of yield stress and elastic limit stress, remained negative wheat Mg concentration of 0.5 wt%, almost zero in case of 1.0 wt% Mg and Positive incase of 1.5 wt% Mg. Plastic strengthening coefficient increases with increase in Mg concentration irrespective of Mg concentration. 4) The strain rate sensitivity, in case of flow stress, remains almost invariant to strain up to a strain value of 0.15. Beyond that it decreases with strain. But the strain rat4e strengthening coefficient, in case of flow stress, increases with increase in strength. Combined effect of these parameters with strain, led to increase of flow stress with strain. 5) The strain rate strengthening coefficient of the alloy increases with increase in Mg concentration irrespective of the strain rate. However, the strain rate sensitivity of the flow stress is observed to be maximum when the alloy contains 1.0 wt% Mg. 6) The variation of deformation response of this alloy with strain, strain rate and Mg concentration is due to variation in microstructure, micro-deformation mechanism, variation of voids and dislocation structure. 
